
AD—A076 612 STAPWORD WIIV CA INST FOR PLASMA RESEARCH F/ e 3/2
IS TF€ GALACTIC CORONA PRODUCED BY GALACTIC FLARES, (U )
All. 79 p A STt*ROCK , ft STERN N00014—75—C—0173

UNCLASSIFIED SU—IPR—76O Pt

N 
____ 

________________________ ____________
AD 76 6 I:

_ _  END. D~~TF
FILNED

2

j

1



IO~~ 
“ L

_ _  
I

I .1

Hill ~ II~



-

ig THE GALACTIC CORONA

~~ ( i 
PRODUCED BY GALACT IC FLARES?

I~~~~~~~~~~~~~~~~~~~

.

4~. By

PA. Sturrock and Robert Ste
..,-‘, 9 •~gm ‘I
T~~~ i1T~

National Aeronautics and Space Administration
Grant NGL 05-020-272
Grant NGR 05-020-668

Office of Naval Research
Contract N00014-75-C-0673

9 Marshall Space Flight Center - —

Contract NAS8-33012 ~~~~~~~ document has been app~~ved
for public rel~iase atd sale; it*
dlstzibution is unlimited.

SUIPR Report No. 780

July 1979

INSTITUTE FOR PLASMA RESEARCH
STANFORD UNIVERSITY . STANFORD . CALIFORNIA

79 09 07 O2~-~ ~~~~-- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
—-

~~~~~~~—-



IS ~~E GALACTIC CORONA PRODUCED BY GALACTIC FIARES~~

/ P,A. /Sturrock* Robert/Ste~~~
t

National Aeronautics and Space Administration

Grant NCL 05—020—272
r-~Grant NCR 05—020—668

r~~
- . m ~~~~~~~~~

Off ice of Nava l Research 
f . :

/ “UST’Ilt N~QQl4—75...C—96731

Marshall Space Flight Center

Contract. NAS8—33~ l2

~~~~~ i i i  S~ IPR~~~~~~~~~~~-y8O

— , . 
Ij . 

1~Jul~~~~79

Institute for Plasma Research
Stanford University
Stanford , Cal iforn ia

Also Applied Physics Department , Stanford Un ivers ity, Cal ifornia
Presently at Je t Propuls ion Labora tory , Pasadena , California



_________ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~

ABSTRACT
A

fr We consider the effect of the differential rotation of the disk of

the Galaxy on magnetic field which penetrates the disk. The magnetic

field will be progressively distorted from a potential (current—free) form

and will at some stage become unstable. We expect, from knowledge of

solar flares , that an MHD instability, a resistive instability, or a combin—

ation of the two, will result in the release of the excess magnetic energy

and that part of the released energy will be converted into heat. By

estimating the energy release and the rate at which this process will

occur and by assuming that this energy input is balanced by radiation, we

obtain estimates of the parameters of the resulting plasma. It appears

that this process alone can heat a galactic corona to temperatures of order
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I .  I NTR ODUCT ION

The d i f f u se so f t x—ray  (E ~ 1 keV) background has been a t t r i b u t e d  to

a coronal—type plasma of T - 10
6
K which  occup ies a substant ia l  f r ac t ion  of

the galactic volume (see ranaka & Bleeker , 1977, fo r a review) . Models

for the creation of this high—temperature interstellar medium (ISM) component

through supernova explosions have been developed ‘Lw Cox and Smith (1974),

Smith (1977), and McKee and Ostriker (1977). Sp ttzer (1956), Shap iro and

Field (1976), and Chevalier and Oegerh’ (1Q79) h ave analyzed the dynamics

and energy balance of the hot I SM component; us ing  the supernova heat ing

mecha n ism , they predic t  the f o r m at i o n  of a corona extending several kilo—

parsecs or more above the p lane of the  t~.i 1 a x v .  We wi sh  to suggest an S..

a l ter n at i v e  process for  hea t ing such a corona

Va rious lines of cv idence m d  I cat e  t h a t the  ( a l a x v  is permeated by

.i magnet ic  f ie l d , poss ib ly  ot comp lex s t r u c t u r e .  For the same reason tha t ,

If a magne t ic f te ld  or ig tnat t’s in the  so lar  photosp he re , it is energ et  i—

c a l ly  favorable  fo r  the  f i e l d  t o  extend f a r  out  i n t o  the corona , we ma~’

in fe r tha t , i f there  is magne t i c  I t e l  d In t h e  d i s k  of the  gal ax~’ , t h i s

f i e l d  w i l l  also extend fa r  o u t s  ide the disk in to  what  niav he termed a

“coronal”  reg io n.

In  the case of the sun , ene rgy is released i m p u l s i v e ly  at  coronal

heights during flares (Svestka , 1976; Sturrock , 1979). It is generally

agreed that the energy released dur ing a flare is stored above the photo—

sp here in the form of the f ree  energy of a c u r r e n t — c a r r y i n g  magnet ic  f i e ld .

The inf luen ce  of d i f f e r e n t i a l  photosp her ic mo t ion on magnet ic  f lux  thr ead-

ing the  photosphere ne,.’s.’ssa r l l v  leads to n o n — p o t e n t i a l  f i e l d  configura t ions

and hence to f ree  magnet ic  energy .
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Given the fact tha t the disk of the Galaxy is in a state of differ-

ential rotation , and given the reasonable assumption tha t magnetic field

threads the disk of the Galaxy and extends out into a galactic corona ,

the same ingredients are present in the Galaxy as lead to flare activity

in the case of the sun. The purpose of this article is to propose that

galactic flares provide a substantial energy input to the interstellar

medium , and thus hea t the coronal plasma responsible for the diffuse soft

x— ray background .
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II. ANALYSIS

This analysis will be confined simply to order—of—magnitude est imates

of the effects of flare activity on the galac t ic corona . The arguments

and analysis will run parallel to an earlier similar discussion of solar

flares (Sturrock , 1974). We cons ider what is initiall y a closed magnetic—

field structure of mean strength B (gaus~ ) in the form of a flux tube.

Because of the differential rotation of the Galaxy , both ends of such

a flux tube are being twisted in the same sense, as viewed from the

disk of the Galaxy , but in opposite senses with reference to the flux

tube itself. If , at some time, a particular flux tube contains a potential

f ield , then some time later the twisting of the field will lead to a

— helical configuration of the magnetic field. Unless the plasma stresses

are large, the field will tend to adopt a force—free configuration.

Theoretical studies indicate that a force—free field becomes MIlD—

unstable when the distortion from the current—free form reaches a critical

level. Numerical studies (Barnes and Sturrock , 1972) indicate that , when

the distortion exceeds the critical level , a closed magnetic—field con-

figuration is likely to erupt to form an open configuration which neces—

arily involves one or more current sheets. These sheets can then reconnect

by nonlinear processes (Pe tschek , 1964) arising from the tearing—mode

instability (Furth et al., 1963), returning the field to its current—free

form and, in the process, releasing a large fraction of the initial free

energy associated with the coronal currents.

Another somewhat simpler possibility is that a sheared magnetic—field

configuration is at some stage subject to resistive instabilities which

immediately return the field to the current—free form (Spicer, 1977).

4 *
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Studies carried out during the recent Skylab Workshop on Solar Flares led

partic ipants to the view that both processes probably occur in the sun

• and are responsible for different types of solar flares (Sturrock, 1979).

It is also possible (Sturrock and Uchida , 1979) that the heating of the

normal corona may be due to the same processes occurring in magnetic fields

of such configuration that the onset of instability is non—explosive

rather than explosive (Sturrock, 1966).

We suppose that , when a galactic flare occurs , energy in the amount

c ~~ B
2 
per unit volume is released in such a form as to heat the coronal8w

plasma. The coefficient c will be the product of two terms, c1 and

where c
1 

is the ratio of the magnetic free energy to the initial current—

free magnetic energy , and £2 
is the fraction of the magnetic free energy

which goes to heat the plasma. The calculations of Barnes and Sturrock

• (1972) indicate that flare action can occur after magnetic field lines

are twisted by half a complete rotation and that, at that time, c1~~ l.

We make the simple assumption that , during an eruption, one half of the

free energy of the force—free field survives as the free energy associated

with the current sheet. We further assume that, when reconnection occurs

in the current sheet , one half the energy goes into heat and the rest into

mass motion . Hence we assume that c2~~
l14 so that c~~lf4. Assuming that

the energy released during one flare is almost all radiated away by the

time of the next flare , we see that , directly after a flare ,

3nkT — c~~~ B2 (2.1)

V 
where the gas is assumed to be almost pure hydrogen which is almost fully

ionized and n is the density of either electrons or protons.

If the plasma loses energy primarily by radiation, we may introduce

the radiative—cooling time scale defined by

~~~~~~~~ ~~~~~~ ~~~~~~~
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~~~~~~~~ -



— 3nkT (2.2)

• where n (erg cm~
3s~~) is the radiative rate. We adopt for n the form

n — rn2T~
’ (2.3)

given by McKee and Cowie (1977) in the range 105 < T < l 0
7
~
6
, where the

radiation rate is well represented by the above equation with r — io~~
8 2

and y — —3/5.

The effec t of differential rotation of the Galaxy is such that any

element of area exhibits an “orbital” rotation and , in addition , a “planet-

ary” rotation which may be characterized by a vorticity given by

w • r f~
, (2.4)

where 11(r) is the angular velocity of the Galaxy at radius r. Hence a

small flux tube which emerges from one location in the disk and returns

to another l cation at about the same radius will be twisted at both ends

in such a way that the flux tube is given a helical twist. We expec t that

the tube will become MHD unstable when the twist reaches a critical value .

Numerical studies (Barnes and Sturrock, 1972) indicate that this value

corresponds to half a complete rotation which would result from a rotation

of ir/2 at each end. Hence we may estimate the time between flares (s)

from

W ir/2. (2.5)

We find from Mihalas and Routly (1968) that , over the range of radii

3 kpc to 13 kpc , w has a value close to 30 km s 1kpc~~ or ~~~~~~~~~~
Hence we obtain the estimate — 1015.2 .

If the corona p lasma reaches an approx imate steady state in wh ich

heating by flares is balanced by cool ing by rad iation , then

6
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•

We obtain from (2.1), (2.2), and (2.3), the following estimates of the

time—average values of the density and temperature:

— l0~~~ B
164’I3 ¶ 5/13

(2.7)

T 104.1 B1~~~
3 ¶ 5/13

which for the above estimate of T becomes

n — l0 3 5 B16
~
’
~

3

(2.8)

T — l0~~~ B
’°113 

-

If the magnetic field, which contains the coronal plasma, extends out to

a distance L (cm) from the disk, then the emission measure H, defined by

(2.9)

will, have the value

H = 107.0 
B32

~~
3 L . (2.10)

I.
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III. DISCUSSION

Analysis of the soft x—ray background indicates that the plasma respon—

sibl for this emission probably has a complex thermal structure (see,

e.g. Cash et al., 1976; Burstein et al., 1977; Stern and Bowyer, 1979).

Nevertheless, for the order-of—magnitude analysis presented here, we may

adopt as typical coronal parameters a temperature of 105 8
K and an emis—

sion measure of iol
~~

2 cm”5 (5.10 Pc cm 
6)• We see from equation (2.8)

that this temperature is consistent with the present model if the mean magnetic

field strength in the local, region of the galactic corona is 1O~~~~ gauss. t
For comparison , we note that Badhwa r and Stephens (1977), on the basis of

an .~n.~Ivsts of the hydrostatic equilibrium of the gas—field system in the

solar neighborhood , conclude tha t the magnetic field strength in the ‘ 
‘1

—6neighborhood of the sun is about (5— 6) x 10 gauss, and that Ruzmajkin

and SOkolov (1977), on the basis of an analysis of pulsar data , conclude

that the local magnetic field strength is (2.1 1.1) x io 6 
gauss. Our

~heoret ic~ l estimate of the required magnetic field strength agrees with

these two (observationatty derived) estimates as well as they agree with

each other.

We now see also from equation (2.8) tha t , with the above estimate of

the magnetic field strength , we expect the electron density in the galactic

corona to be about ~~~~~~~~~ cm ~~~~ We also see from equation (2.9) that the

inferred emission measure H 10162 is obtained if the corona extends out

‘2to a distance L~~10 ~~~ , i.e. Skpc .

It is necessary to compare the above estimate of L with the scale

height h (cm) of plasma in the galactic corona. We use

(3.1)

8
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and note that the mean mass m (g) has the value 10
24j 

if the p lasma is

mainly fully ionized hydrogen , and that the gravitational acceleration

g (cin s”2) is approximately io
8
~~* in the range 1 kpc to 5 kpc of the

galactic plane (A1l.’n , 1973; p. 250) , so that , numerically,

h~~l0~
’6
~
3 T. (3.2)

We find that , for the est imated temperature T~z10~~~, h— l 0
22
~~ . Hence ,

if the value of L is in fact set by the extent of the magnetic flux tubes

which contain the plasma in the local reg ion of the galactic corona , the

scale height is sufficientl y large to fill the flux tubes with plasma .

If , on the other hand , the magnetic flux tubes extend well beyond S kpc ,

then the exten t of the coronal plasma may be attributed to the scale height.

If the latter is the correc t interpretation , we may use (3.2) in (2.10)

to obtain an expression for H in terms of B only. Then (as we have seen)

our choice of B fits both T and H. However, our initial equations [(2.1)

and (2.2)] are based on the assumption that n and T are uniform for any

flux tube , and this assumption must be relaxed if the scale height is less

than the height of the flux tubes.

The fact that the present model gives approximate order—or—magnitude

agreement with observational data does not establish its validity ; it simply

indicates that more detailed investigation should be pursued . In particular ,

it is necessary to relax the “steady—state” assumption and to investigate

the time development of heating, cooling and mass flow. The condition

(2.1) is valid directly after a sudden release of energy , whereas condition

(2.6) is valid for a long—term average of the coronal conditions. If

were in fact short compared with TF, then energy released dur ing a f la re

would rapidly radiate away so that the time—average temperature would be

9
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less than the immediate post—flare temperature. If , on the other hand ,

R were large compared to TF’ then energy released during flares would accumu-

late with the possible result that the plasma stress eventually exceeds

the possible magnetic stress. This would result in an opening of the

magnetic t ield with loss of the corona l plasma .

(s) is the t ime scale for the release of energy in a flux tube ,

then (Sturrock , 1974)

T
E~~~~~~~

where R (cm) is the radius of the flux tube under consideration and

V
R 

(cm s~~) is the reconnection rate. Following Petschek (1964), we esti-

mate that

V~~~ 10
_i 

V
A 

(3.4)

where is the Alfven speed . Since the mass density of fully ionized

hydrogen is 2nm, where m is the mean particle mass ,

V
A 

— B(8~nm) 
h1

~~~ * 10h1. 3 B —1/2 (3 5)

Hence , using (2.7), we obtain

TE 
- lO

_5.6 R B 5h13 
T

S /2 6  (3~~)

15.2or , for the value T = 10

— lO_8.6 
R B 5”13 

. (3.7)

If we consider the value B — ~~~~~~~~~~~~~~~~ we find that , for R in the range

IJ 1021.5 to io22.2 (1 kpc to 5 kpc), T is in the range io
14.9 to 1015.6.

It appears , therefore , that is comparable with This suggests that

10
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the corona will be approximately in a steady state so that the heating is

more like the steady heating of an active region rather than the impulsive

heating of a flare.

We should also examine the rate of energy loss through thermal conduc-

tion to the galactic disk, to compare with the energy loss rate by radia-

tion. If T
B 
(s) is the time scale for cooling of the galactic plasma by

thermal conduction, then TB may be estimated from

3 nkTL F T
B
, (3.8)

where F (erg cm 2 s~~) is the heat flux along the magnetic field. This

may be estimated from

Fm K  T L~~~l0
6 T712 L~~, (3.9)

if we use the Spitzer (1962) form of the thermal conduction coefficient.

Hence we obtain the estimate

T
H 

= ~~~~~~~~~ L2 nT
_512

. (3.10)

For the values L = 1022.2, n = l0~~ a~d T 
= 105.8, we obtain T11 1020.5,

giving a cooling time of 1o~
0y. This is much longer than the radiation

cooling time, confirming that radiation is the dominant mechanism for energy

loss. On the other hand , TH is comparable with the age of the Galaxy, so

that the energy flow from the corona to the galactic disk is sufficient to

produce the “evaporation” (Neupert, 1968; Antiochos and Sturrock, 1978)

necessary to provide the coronal plasma.

- , It has been known for some time that there are high—velocity clouds

(HVC) and intermediate—velocity clouds (IVC) of neutral hydrogen outside

• the galactic plane. Verschuur (1975), in reviewing this topic, suggests

that there is more than one type of cloud and notes several possible inter—

1].
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pretattons . Shap iro and Field (197(i ) have developed a “galact ic  fountain”

model involving an upward streaming hot gas which cools and condenses in t o

a cool component . Our comparison between t he galactic co rona and the post—

t ia re  plasma in the sun suggests that some ot these clouds may be the

ga lact ic  analogues of “coronal r a in ” which of ten occurs in he loop promi-

nenc e systems formed by some large solar f lares (Tandherg—Hanssen , 1974).

It has been shown hr ~oldsmith (1Q71) and by Ant iochos (1976) that the

l a t t e r  may be understood as the result of thermal Insta b il i ty  in the hot

dense p lasma wit ich forms In the corona l ~‘o I ume o t an act lye region as the

result ot a t tart’.

Following Field (l’H S) and Ant tochos (1 7(i), we note that the condi—

ion (or thermal instability is that the wave number k (cm
1) ot the small—

amp I it tide’ wave should satisfy he’ tnequa lit ~

~ — K ~~~~~~~~~ ~ — 

~
). (Lii)

On using t he’ form (2 . I)  t or i~ and the’ Sp it ~c r I o tin tot the’ therma l con-

duc t Ivt tv • we find that

- 10~ ~1 )lf ~
l/. 

T~
1
~ 

- ( L l 2 )

Wi th the values of y and I’ appropria te’ to the range IO~ 1’ l0~ 
~ this

becomes

k — lO~~~~ n T
_ 4h/

~~
1 (1 .11)

—~I S —l “0 5For the values n — 10 , I tO , we find tha t k — tO . Since

this estimate of k
t 

is considerably less than our estimate of L, we expec t

that thermal instability will lead to the format ion of condensations

* w i th dimensions (a long the magnetic f ield) of 100 pc or more . When formed ,

I .‘



theses eonde’ns~ t ions should tall t owards the galactic p lane wi th  speeds

approaching the t ree—fail speed (2gL)1’2 . For L • i~i
2_ _

, this co rres-

ponds to a velocity of 10
7.2 

cm or about 170 km $ 1 ; the inferred

~‘i’t’e’d~ of high—ve locity c louds are of this order of magnitude , and the

interred speeds ot intermediate—velocity clouds (which extend up to high

galactic latitudes ) are somewhat less. Hence it seems possible that sonic

moving clouds are thu galactic analogues of coronal rain , al though

Ve’rschuur ( l~ 7S) discredits the view that most clouds are moving towards

th e’ galact Ic p lane .

Finally , we note’ that the’ proposed parameters for the plasma and

magnetic t Ic let may be compared with data for the rotation cit radio waves

wit ich enter the t~a 1ax~’ from ext ragalact It’ sources (t.ardner and Whiteosk,

I %t~) • rite rot at ton ~ (radian) o I the polar i*at ion o t a rail it’ wave of

wave 1 e’ngt it \ (met ers) is no rma l lv written as

— R.~, \ (1 .14)

W h e l t ’

— to~~~’J~i B ds, ( 1 .15)

w here B~ t~ t lie’ component ot magnetic t teld along the propagation path.

Hence’ we may e’st tmate’ t hi’ maximum magnitude cit R1,~ I rom

610 n ilL . (Ll~i)

5 1 — I ‘‘
For the’ values B — 10 n — 10 and I~ — lO~ , this leads to a maximum

va l ue’ ot RN of order 10. This est Imate appears to he consistent with the

upper lim it cit values ci the rotat ton measure for high ~aia et lc lat ttud.s

((;ardn er and Whitetiak, 19(I (i , Fig. ‘i) .

11

Hi 
__  _



ACKNOWLEIX EMF.NTS

We are indebted to Spiro Antiochos, Joshua Knight and Vah~ Petrosian

for helpful discussion of this top ic. The work of Robert Stern was sup-

ported liv Contract NASS—33012 under the HFAO— l Guest Investigator Program .

Peter Sturrock , who was supported hr NASA Grants NGL 05—020—272 and

NCR 05-020—668 and hr ONR Contract N000l4—75—C—0673, wishes to acknowledge

also the support of the Japan Society for the Promotion of Science and

th ’ kind hosp italit y of Professor ~~ . Suemoto and his colleagues ~ t the

Tokyo Astronomical Observatory , where part of this work was carried out .

14

_ _ _ _  ~~~~~~~~~~~~~~ *•~~~~~ -•- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



REFEREN CES

Allen, C.W. 1973, Astrophysical Quantities (3rd ed.; London: Athlone Press).

Antiochos, S.K. 1976, Ther~ al Instabilities in Post-Flare PiLasmas, SUIPR

Report No. 679 (Stanford University).

Antiochos, S.K. and Sturrock, P.A. 1978, Ap. J . ,  220 , 1137.

Badhwar, G.D. and Stephens, S.A. 1977, Ap. J . ,  212 , 494.

Barnes, C.W. and Sturrock, P.A. 1972, Ap. J . ,  176, 31.

Burstein, P., Borken, R.J., Kraushaar, W.L. and Sanders, W.T. 1977,

Ap. J., 213, 405.

Cash , W . ,  Malina, R. and Stern, R. 1976, Ap . J. (Letters), 204 , L7.

Chevalier , R.A. and Oegerle, W.R. 1979, Ap. J .,  227 , 398.

Cox , D.P. and Smith , B.W. 1974, 4p. J. (Letters), 189 , Lb S.

Field , G.B. 1965, Ap. J.., 142, 531.

Furth , H.P., Killeen, J. and Rosenbluth , N.M. 1963, Phys. Fluids, 6, 459.

Gardner, F.F. and Whiteoak, LB. 1966, Ann. Rev. Astron. Astrophys .,  4 , 245.

Goldsmith , D.W. 1971, Solar Phy s . ,  19, 86.

McKee, C.F. and Cowie, L.L. 1977, Ap. J., 215, 213.

McKee, C.F. and Ostriker, J. 1977, Ap. J . ,  218, 148.

Mihalas, D. and Routly, P. 1968, Galactic Astronomy, (San Francisco: Freeman).

Neupert, W.M. 1968, Ap. J .  (Letters ) , 153 , L59.

Petschek, H.E. 1964, Proc. AAS—NASA Symp . on the Physics of Solar Flares

(ed. W.N. Hess, NASA, Wash ington , D.C.).

Ruzmajkin, A.A. and Sokobov, D.D. 1977, Astrophys. Space Sal., 52, 365.

Shap iro, P.R. and Field , G.B. 1976, Ap. J .,  205, 762.

Smith, B.W. 1977, Ap . J . ,  211, 404.

• Sp icer , D.S. 1977, Solar Phye., 53, 249.

Spitzer, L., Jr. 1956, Ap.  J., 124 , 20.

15



Sp it.~er , I.., .Tr . l’Hi.’, ~~~~~~~~~~~~~~ ‘
•
“ 

~~~~~~~~~~~ ‘ ::~:;. i ~~~~~~~~~~~~~~ (New York : Wi l e y ) ,

p. 141 .

Stern , R.A. and Bowver , S. 1Q79 , ~~~ . . . ,  flO . 755 .

Sturro~’k, !‘.A . 1Q6I~. ~~~~~~~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~ 1~~, 170.

St ur roc k , V . A .  1q74 , ‘
~ ‘p~ ‘:~: •

‘ ‘
~
‘
~~~ 

• • :‘ . (ed . C. A. Newk Irk) , Proc . o I

tAtt Svmp . N~i . 57 , (Holland : Retdcl) , p.4 17 .

Sturrock , V .A . 197’~, •:~~ ~~~~~~~~~~~~~ ~ ~~~~~~~~ ~
‘
~~~‘~

•: ~~ ::‘~~~~
. 

~~~~~~~~~~~~ :;,

( ‘el orado (1ntvers it v Press) .

Sturrock , V .A. and Ilehida , V . 197Q , to he puhi ished .

Svcst ka , . 197h , :~~‘.
‘
~ ::‘ ~~~~~~ (Holland : Rt’ldc’l ‘

l’aitak.i , V. aitci Blecker , J.A.M . 1Q77 , :~~~. :~~‘:
‘ . .

t
t . : .,  20 . 81~~.

T:mdbt’rg—Hanss’t~, F. 1974 , ‘ ,‘ i i~ ~~~~~~~~~~~~~~~~~~~~~~ (ilol land : Reldel ) , p. . •

Verscliuur~ C.l.. 1975 , A’:’:. ~.‘:‘. ..ht~~~. ‘~~~~~~~~~ ::.~~t . , 11 , 2 5 7 .

_ _ _ _  _ _ _ _  - .__

l~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


